Materials: Solvents (methanol, DMF, DMSO, DCM, acetonitrile) and reagents for synthesis (CTAB, HAuCl 4 , AgNO 3 , NaBH 4 , HOBT, HBTU) were purchased from Sigma-Aldrich Inc. and ThermoFisher Sci. and used without further purification. Protected amino acids Fmoc-Gly-OH, Fmoc-Cys(Trt)-OH were purchased from Chem-Impex International Inc., mPEG 2kD -thiol was received from JenKem Technology. Millipore water (18.2 MΩ) was used throughout the study.
SYNTHESIS
A representative synthesis of nanothermometers with dye-peptide conjugates is shown in Scheme S1.
Scheme S1. Representative synthesis of nanothermometers with dye-peptide conjugate 1 and synthesized dye-peptide conjugates 1-3
Synthesis of CTAB stabilized gold nanorods: CTAB stabilized gold nanorods were synthesized by seed-mediated growth as described by Chen et al. 1 CTAB(aq) solution (5 mL, 0.2M) at 30-35C was first mixed with HAuCl 4 (aq) solution (5 mL, 0.5 mM) with stirring. Then of ice-cold NaBH 4 (aq) solution (0.60 mL, 0.01 M) was added to the mixture and vigorously stirred for 2 min at 30°C, which resulted in the formation of a brownish yellow solution known as "seed solution". The growth solution was prepared by adding AgNO 3 (aq) (0.15-0.2 mL, 4 mM) and then HAuCl 4 (aq) (5 mL, 1 mM) solutions to a CTAB(aq) solution (5 mL, 0.2 M) at 30-35 C, under gentle mixing, followed by ascorbic acid solution (70 μL, 0.0788 M). To grow nanorods, 12 μL of the seed solution was added to the growth solution at 30°C under gentle stirring for 30 seconds. The transparency of the solution changed to burgundy red within 10-20 min. The solution then aged for another 12-18 hours at 27-30°C before being centrifuged at S3 13,000 rpm for 10 min. The collected CTAB gold nanorods were re-dispersed in water, and stored at room temperature. Absorption spectra are shown in Fig. S1a .
PEGylation of gold nanorods:
The stabilization agent, CTAB, on the surface of the gold nanorods was replaced by mPEG-thiol through ligand exchange according to a reported procedure 1 . Briefly, the CTAB-stabilized gold nanorod dispersion was added to an equal volume of mPEG-thiol (0.2 mM) aqueous solution under vigorous stirring. The mixture was sonicated for 5 minutes and left to react for 2 hours. Excess mPEG-thiol molecules were removed by centrifugation filtration (Amicon 50,000 D cutoff, Millipore Inc.) at 3,300 rpm for 10 min.
Resulting PEGylated gold nanorods residue were re-suspended in water. Centrifugation filtration was repeated twice. Absorption spectra of the Au-NS-R-PEG are shown in Fig. S1b . Dye-peptide conjugate synthesis: The dye-peptide conjugates 1-3 were prepared using a standard solid state peptide synthesis protocol. A representative synthesis of nanothermometers with dye-peptide conjugate 1: Briefly, Fmoc was removed from Rink amide resin with 20% piperidine in DMF with shaking and washed with DMF and DCM. After filtration DMF, Fmoc protected amino acid, DIEA, a solution of coupling reagents HOBT and HBTU in DMF were added. After the reaction was completed, the solvent was removed, and Fmoc was deprotected. The resin was washed, filtered and the next amino acid was added and the procedure repeated. After addition of the final amino acid, coumarin-NHS was added to the chain. The product was cleaved from the resin filtered and purified by reverse phase flash chromatography. 
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Representative synthesis of AuNR-Gly-Cys-Cys-Gly-NH 2 (2). Fmoc was removed from 0.58 mmol Rink amide resin (0.10 g, 0.058 mmol loading) with 20% piperidine in DMF, 3x10 min each with shaking. Deprotected resin was washed with DMF (3x10 min) and DCM (3x10 min) with shaking. After filtration following reagents were added in this order: DMF (0.3 mL), Fmoc protected amino acid 3 eq. (0.17 mmol) in DMF (0.30 mL), DIEA (0.05 mL), and a solution of HOBT (0.17 mmol) and HBTU (0.17 mmol) in DMF (0.30 mL). The reaction was shaken vigorously for 2 hours at room temperature, the solvent was removed, and Fmoc was deprotected with 20% piperidine in DMF (3x10 min) with shaking. The resin was washed with DMF (3x10 min) and DCM (3x10 min) with shaking. After filtration, the next amino acid was added as previously described.
After addition of the final amino acid, coumarin-NHS (1.12 mmol) 2 was combined with DIC (0.12 mmol) in DMF (1 mL) for 15 min. HOBt (0.044 mmol) was added and the solution was left for 5 min with stirring. The resin was wet with DMF (0.5 mL) and the dye solution was added and reacted for 4 h with shaking. The resin was collected by filtration and washed with DMF and DCM (3x 10 min each). The resin was dried by filtration and placed into a glass vial.
To the resin was added a solution containing 94% TFA, 2.5% 1,2-ethanedithol (EDT), 2.5% H 2 O, and 4 mL of 1% triisopropylsilane (TIS). The reaction was shaken for 2 h at room temperature, then filtered through glass wool to remove the beads, solvents and volatiles were removed under vacuum. The product was purified by reverse phase (C18) flash column eluted with 50 mL of ACN:water solvent mixture starting with 10% ACN and increasing to 60% ACN in 10% increments. Fractions with the product (by LCMS) were combined and the solvent was evaporated under vacuum. The final product was lyophilized. For compound 2, 30 mg of orange product was collected (>98 area % pure by LC (UV detectors 300 nm and 370 nm), Fig S2) . MH + =581, dimer: 2MH + =1183. Nanothermometers assembly: mPEG 2kD -thiol on the surface of the gold nanorods was replaced by dye-peptide conjugates through ligand exchange. For that, the PEG coated gold nanorod dispersion was added to an equal volume of coumarin-peptide conjugates 1-3 dissolved in 0.5% DMSO in water (0.2 mM) under vigorous stirring. The mixture was sonicated for 10 minutes and left to react overnight with gentle stirring. mPEG-thiol and excess of the dye-conjugate were removed by centrifugation filtration (Amicon 50,000 kD cutoff, Millipore, Inc.) at 3,300 rpm for 10 min. The eluent was decanted and the dye-peptide protected gold nanorods were re-suspended S6 in water. Centrifugation filtration was repeated until minimal coumarin absorption was present in the eluent. The formed nanorods covered with dye-peptide conjugates (nanothermometers) were then dispersed in water and stored at room temperature.
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NANOTHERMOMETER EVALUATION
Thermal measurements of nanothermometers and dye-peptide conjugates: Slow temperature ramp. Gold nanorods coated in coumarin-peptide conjugates 1-3 were dispersed into PBS, pH 7.0 at a concentration of 5 L/mL. For a free dye-peptide conjugate, a stock solution 1 mg/mL in DMSO was added to PBS, pH 7.0, and final concentration was 1 g/mL. Temperature dependent fluorescence was monitored by fluorescence spectrophotometer from 25 to 85°C and back to 25°C in 15°C increments, holding for 5 min at each temperature. Heating 0.9 o C/min, cooling 0.8 o C/min. Full emission spectra (excitation 395 nm) were recorded for each temperature point. Overall temperature heating-cooling cycle is shown in Fig. S3a . Fast temperature ramp. Gold nanorods coated in coumarin-peptide conjugates 2 were dispersed into PBS, pH 7.0 at a concentration of 10 L/mL and placed in a 1.5 mL glass vial. Temperature based release of dyeconjugate was monitored by a CCD camera under continuous heating from 25 to 85°C from a heat gun in "hot" mode and subsequent air in a "cold" mode. Overall temperature heatingcooling cycle is shown in Fig. S3b . Images were collected every 20 seconds and analyzed with ImageJ software. Second, the plot of K vs. reaction temperature (Fig. S7a) and K vs. heating time were constructed (Fig. S7b) . The intersection of the two slopes provided critical temperature sensitivity parameter (T s ), the slope of the curve provided the rate of fluorescence response (K F ). 
